2013). A small body of research characterizes factors that, although not unique to first-time mothers, may be pronounced in this group and contribute to breastfeeding difficulties, including low breastfeeding self-efficacy, high rates of in-hospital formula use (Chantry, Dewey, Peerson, Wagner, & Nommsen-Rivers, 2014) , and the cognitive dissonance between prenatal breastfeeding expectations and postnatal reality (Williamson, Leeming, Lyttle, & Johnson, 2012) .
To address suboptimal breastfeeding outcomes among primiparous women, a nuanced understanding of their breastfeeding behaviors and problems is needed. At present, our understanding is based largely on retrospective selfreport data, which are subject to social desirability and recall bias. Current breastfeeding status, interim events, mood, fatigue, and societal expectations can compromise accuracy and details of memory and reporting (Barbosa, Oliveira, Zandonade, & Neto, 2012; Burnham et al., 2014) . Ecological momentary assessment (EMA) offers a methodological solution to this issue by sampling participant experiencesthoughts, behaviors, symptoms-concurrently with, or close to, their actual occurrence (Runyan & Steinke, 2015; Shiffman, Stone, & Hufford, 2008 ). In the current study, we describe breastfeeding behaviors of first-time mothers using EMA via a mobile infant-feeding application (i.e., "app").
Methods
This study was approved by the University of Pittsburgh Institutional Review Board. Methods and reliability data were previously published (Demirci & Bogen, 2016) .
Design
We conducted a prospective, observational study tracking breastfeeding behaviors and thoughts of primiparous women through 8 weeks postpartum via a commercial infant-feeding tracking app. The ultimate goal of the study was to inform timing and content of another technology-based intervention to deliver targeted breastfeeding support. Women were compensated up to $105 for study participation and the cost of the app.
Setting
Between October 2014 and August 2015, we approached, screened, and enrolled women during their postpartum hospitalization at a regional obstetric hospital in the northeastern United States.
Sample
We aimed to enroll a convenience sample of 50 to 60 participants to inform breastfeeding support content for a subsequent study; no formal power calculation was performed. Women were eligible if they were at least 18 years old, were English speaking, had no other children, delivered a healthy, singleton infant, owned a smartphone, intended to breastfeed exclusively ≥ 2 months, and had no conditions expected to adversely affect breastfeeding or milk supply. The decision to include only primiparous women, rather than all women without prior breastfeeding experience (and thus women at potentially similar risk for breastfeeding problems), was based on recruitment logistics and difficulty in parsing what constituted "any breastfeeding experience" (e.g., one breastfeeding attempt, any milk expression, etc.). All participants provided written informed consent.
Data Collection via the App
At enrollment, we assisted women in downloading and initial use of the app (BabyConnect) on their smartphone or mobile device. We instructed participants to begin entering feeding and milk expression data into the app, as close as possible to the time it occurred (e.g., time, duration, volume, comments/notes). We also encouraged participants to freetext their breastfeeding thoughts and experiences (e.g., problems, successes, unexpected events) daily or at least once per week using the app diary. Women sent us their app data daily or weekly through 8 weeks via an email summary feature (HTML format).
Data Collection at Enrollment
At enrollment, we administered an investigator-created questionnaire assessing demographics, medical and perinatal history, breastfeeding intentions/plans, breastfeeding education, and current breastfeeding concerns. We abstracted pregnancy, delivery, and infant-feeding data from the hospital electronic medical record (EMR). We also assessed breastfeeding attitude, stress, and anxiety as covariates affecting breastfeeding outcomes.
Key Messages
• • Early breastfeeding problems and patterns contributing to suboptimal breastfeeding outcomes in first-time mothers have not been explored in-depth. • • Our app-based data indicate that many primiparous women are replacing at-breast feeds with expressed milk the first 2 months postpartum. • • Our data also reveal high rates of formula use and breastfeeding problems among primiparas during the first 2 months. • • This study provides a general framework for timing and content of postpartum breastfeeding support for first-time mothers.
Telephone Interviews at 2 and 8 Weeks
We called all women at 2 and 8 weeks postpartum to administer a feeding questionnaire and again assess stress and anxiety. If participants stopped breastfeeding, we assessed applicable items at the point of notification. Feeding questionnaires assessed current breastfeeding status and problems. The 2-week questionnaire also assessed more detailed breastfeeding information and events (e.g., onset of copious milk production in lactogenesis stage II, use of assistive feeding devices, reason(s) for milk expression, etc.).
Measurement
Breastfeeding attitude was assessed via the Iowa Infant Feeding Attitude Scale (IIFAS), a widely used and validated 17-item instrument with scores ranging from 17 to 85, where a higher score indicates a more favorable attitude toward breastfeeding (Chen et al., 2013; de la Mora, Russell, Dungy, Losch, & Dusdieker, 1999) . Stress and anxiety were assessed via the combined PROMIS Emotional Distress-Anxiety Scale Short Form (four items) and the Perceived Stress Scale (four items) (Combined EDA/PSS) (NIH PROMIS Assessment Center, 2012; Warttig, Forshaw, South, & White, 2013) . Possible scores for the Combined EDA/PSS range from 0 to 32, a higher score indicating greater stress and anxiety. At enrollment, breastfeeding concerns were assessed via an investigator-created 16-item checklist, gleaned from the literature, which also included an "other" write-in option. Women were queried on breastfeeding problems at both 2 and 8 weeks using an open-ended question ("What breastfeeding problems are you currently experiencing?"). The 2-week response was immediately categorized using the same problem/concern checklist as at enrollment. Problems at 8 weeks were recorded as close to participants' actual words as possible and later coded.
We entered and managed all data in REDCap electronic data capture tools hosted at the University of Pittsburgh (Harris et al., 2009 ).
Analysis
We used SPSS version 24 (IBM Corporation, 2016) to conduct all statistical analyses. We calculated summary statistics for hospital feeding EMR data, as well as background demographic, health, and breastfeeding intention data.
Data abstracted from the app summaries sent by participants included daily number of at-breast feeds, formula feeds, and milk expressions; daily volumes of formula and milk expressed and/or provided to infant; current breastfeeding problems; and reasons for formula use. Only complete daily feeding data were abstracted and included in analyses, which were operationalized by researcher consensus to include at least six documented feedings in a 24-hour period and gaps of no greater than 5 hours between feeding sessions during daytime hours. At-breast feeding sessions documented less than 5 minutes apart were counted as a single session. We condensed daily summaries into weekly summaries for each participant by averaging feeding data across the number of days of complete data. Due to wide inconsistencies in participant documentation, we were unable to reliably capture volume of formula or expressed milk feeds.
We analyzed the association between the sample characteristics listed in Table 1 (as well as early milk expression at 1 and 2 weeks) with provision of any human milk, exclusive human milk, and any formula at both 2 and 8 weeks. We used binary logistic regression with unadjusted odds ratios (ORs) to determine the relationship between categorical characteristics and breastfeeding outcomes (inclusion limited to categorical variables with at least five cases per discrete category). For continuous-level variables, we used independent-samples t-tests to assess the relationship with breastfeeding outcomes.
We identified breastfeeding problems by week from three sources: (a) problem checklists completed at enrollment and 2 weeks postpartum, (b) interview content at 8 weeks, and (c) free-text app entries by participants throughout the study. J.R.D. scanned and coded free-text data from the 8-week interview and app entries using the problem checklists. New codes were created for problems that did not fit list categories. Problems were counted and summary statistics were calculated by week. App entries were also scanned and coded for reason(s) for formula use.
Two research assistants duplicated weekly data summaries (feeding count summaries and problem coding) for 13 of the 38 participants with app data (34% of those with data).
Results

Sample and Baseline Feeding Characteristics
We enrolled 61 women in the study, 48 of whom provided any app data and/or completed follow-up interviews (see Figure 1 ). Participants were 18 to 35 years old and delivered at 36 2/7 to 41 6/7 weeks. Two mothers were of Hispanic ethnicity. Infant birth weights ranged from 2,596 to 4,645 grams, and no infants were admitted to the neonatal intensive care unit during the birth hospitalization (see Tables 1 and 2 ). Nearly all mothers (n = 58; 95%) reported receiving some type of breastfeeding education in pregnancy; the most common source was books, magazines, or pamphlets (n = 27; 44%).
Among infants who received formula in the hospital (n = 23), the median total formula volume given was 74 ml (interquartile range [IQR] = 139 ml; range = 5-481 ml; n = 22 infants, 24 undocumented volumes), the mean (SD) volume for a single formula feeding was 25 (14.5) ml (n = 105 feedings), and the average number of formula feedings was 6 (range = 1-20). Six infants received expressed milk in the hospital an average of two times (range = 1-4), with a total volume per infant of 1 to 60 ml. Nearly all enrolled women (98%) breastfed at-breast prior to hospital discharge, with 95% initiating within 2 hours post birth. The average (SD) number of at-breast feeds in the 24 hours prior to discharge was 6.3 (2) (range = 0-12). Among women completing a 2-week interview, 94% (45 of 48) reported that a medical professional had observed at least one breastfeeding session during hospitalization.
Baseline IIFAS scores were slightly but significantly lower among women using any formula at 8 weeks (M = 63.6), compared with those exclusively breastfeeding at that time (M = 67.6) (t = −2.29, df = 37, p = .03). Women whose (15) 4 (9) 1 (4) 3 (6) 4 (10) 1 (5) 3 (9) Prenatal care provider(s) Physician 58 (95) 45 (96) 24 (92) 42 (95) 40 (98) 20 (95) (66) 17 (65) 29 (66) 27 (66) 13 (62) 22 (67) Note. Data are given as n (%). Whereas 48 women completed a 2-week interview and provided self-report data on breastfeeding events in the hospital and after hospital discharge, one 2-week interview was completed at 4 weeks due to difficulty establishing contact. Breastfeeding problems and behaviors for that participant are included in Week 4, rather than Week 2. HM = human milk; WIC = Special Supplemental Nutrition Program for Women, Infants, and Children; NP = nurse practitioner; PA = physician assistant; BF = breastfeeding. infants were given formula in the hospital were significantly less likely to be exclusively breastfeeding at 2 weeks postpartum compared with women whose infants received only human milk (unadjusted OR = 0.3, 95% confidence interval [0.1, 0.9], p = .04). There were no other significant differences in feeding outcomes (any breastfeeding, exclusive breastfeeding, any formula) among Table 1 baseline sample characteristics.
Breastfeeding Behaviors Through 8 Weeks Postpartum
At the 2-week interview, 85% (41 of 48) of women reported receiving breastfeeding assistance after hospital discharge; pediatric office-based lactation consultants were the most common source (see Figure 2) . Thirty-three (69%) mothers reported that their milk volume substantially increased within 4 days of delivery (after 4 days: 23%; never increased: 8%). At the 2-week interview, 31 women (69%) reported that their infant had returned to or surpassed birth weight (below birth weight: 7%; not sure: 24%). At 2 weeks, 8 women (13%) were using a nipple shield, and 1 was using a supplemental nursing system; 95% (n = 41 of 43) of women feeding at-breast at 2 weeks reported latching to occur immediately or within a few minutes. The average number of at-breast feeds (8.1/day) and proportion of women providing human milk exclusively remained relatively stable over 8 weeks. The proportion of women doing any at-breast feeding fell over 8 weeks, whereas the proportion of women expressing/pumping or providing any expressed milk generally trended upward (see Figures 3 and 4) . The most common reasons for milk expression were to relieve engorgement and to replace/supplement at-breast feeds due to breastfeeding difficulties (see Table 3 ). By 2 weeks, 68% of women (n = 34 of 50) had given formula at least once. By 8 weeks, 77% (n = 37 of 48) had given formula at least once. There was no significant association between milk expression at 1 or 2 weeks and any or exclusive human milk feeds at 2 or 8 weeks postpartum.
Among the 41 women who completed the study, 9 (22%) stopped breastfeeding during the study (Week 1 = 2, Week 2 = 2, Week 4 = 1, Week 5 = 2, Week 7 = 1, Week 8 = 1). Reasons for breastfeeding cessation included inadequate volume of milk (n = 6), latch problems (n = 2), return to work without adequate time/space to express milk (n = 1), and belief that breastfeeding was causing acid reflux in the infant (n = 1). Reasons for formula supplementation included pediatrician advice related to insufficient infant weight gain or jaundice; infant unsatisfied/fussy after at-breast feeds; perceived inadequate milk volume; convenience of formula when away from home; inadequate time/facilities to express milk upon return to work; maternal rehospitalization with infrequent opportunities to express milk or breastfeed; sore nipples; and desire for partner to share in infant feeding.
Whereas 67% (n = 31 of 46) of women were on track to meet their goals for breastfeeding duration at the end of the study, just 22% (n = 11 of 50) were on track to meet their goals for breastfeeding exclusivity, 15% (n = 7 of 46) had no goal at enrollment for breastfeeding duration, and 30% (n = 15 of 50) had no goal for length of exclusive breastfeeding.
Breastfeeding Problems
Women identified 46 unique breastfeeding problems over 8 weeks. Latching, perception of inadequate milk, pain, infant falling asleep while breastfeeding, and infant feeding too much were the most frequently identified breastfeeding concerns. All peaked at Week 2, with the exception of latching (Week 1). Problems trended downward over the course of the study, with a high of 81% of women endorsing at least one breastfeeding concern at Week 2 (n = 39 of 48) (see Figure 5) .
The most frequently endorsed breastfeeding problems varied by week. During the birth hospitalization, top problems were latching (19%), pain (15%), and perception of inadequate milk (15%). During Weeks 1 to 3 (n = 33-47 women), top problems were latching (15%-31%), fatigue with frequent feeds (15%-19%), engorgement (3%-19%), perception of inadequate milk (9%-29%), and pain (9%-21%). From Weeks 
COMPLETED STUDY (N=41) ♦ Interviews + all app data (n=23)
Stopped breastfeeding during study (n=2) ♦ Interviews + some app data (n=13)
Stopped breastfeeding during study (n=5) ♦ Interviews only (n=5) Stopped breastfeeding during study (n=2)
Lost to follow-up (n=20) ♦ Enrollment data only (n=13 ) ♦ 2-week interview only (n=5) ♦ 2-week interview + some app data (n=2) 4 to 5 (n = 29-30 women), top problems included perception of inadequate milk (17%-18%), device issues (e.g., electric breast pump, weaning from nipple shield) (3%-10%), perceived breastfeeding-related gas or suspected reflux (7%-10%), and pain (3%-14%). From Weeks 6 to 8 (n = 27-38 women), top problems were perception of inadequate milk (4%-18%), perceived breastfeeding-related gas or suspected reflux (7%-11%), infant breastfeeding too much (4%-16%), instituting a feeding schedule (3%-11%), and managing breastfeeding when back to work (0%-16%).
Discussion
Among first-time mothers in our sample, the majority did not meet their goals for breastfeeding exclusivity. Although the demographics of our sample (high socioeconomic status, healthy, White race) are typically associated with high rates of exclusive breastfeeding, we observed pervasive formula use and breastfeeding problems, particularly in the first 2 postpartum weeks. In addition, almost a quarter of participants stopped breastfeeding during the study. These findings are consistent with a previous prospective study that demonstrated Note. Data are given as mean (standard deviation). Whereas 48 women completed a 2-week interview and provided self-report data on breastfeeding events in the hospital and after hospital discharge, one 2-week interview was completed at 4 weeks due to difficulty establishing contact. Breastfeeding problems and behaviors for that participant are included in Week 4, rather than Week 2. HM = human milk; IIFAS = Iowa Infant Feeding Attitude Scale; EDA/PSS = PROMIS Emotional Distress-Anxiety Scale Short Form and Perceived Stress Scale.
that in a more diverse population of primiparous women, 21% weaned and almost half were not exclusively breastfeeding by 8 weeks (Wagner et al., 2013) . Similar to another recent longitudinal cohort study of primiparous women (Chantry et al., Figure 3 . Average number of daily at-breast feeding sessions with standard deviation bars for women giving any human milk, expressing milk/providing expressed milk, and providing any formula (app data). Total participants included Week 1, n = 30; Week 2, n = 29; Week 3, n = 28; Week 4, n = 25-26; Week 5, n = 24-25; Week 6, n = 24; Week 7, n = 24; Week 8, n = 21-22. Where n is a range, the number of participants with data available or complete varied by outcome (e.g., data for at-breast feeding sessions but not milk expression or formula use). . Proportion of women providing any and exclusive human milk and engaging in any at-breast feeds and milk expression, by postpartum week (app and interview data). Weeks 2 and 8 include data from both app and interviews. Total participants included hospital, n = 61; Week 1, n = 36; Week 2, n = 47; Week 3, n = 35-36; Week 4, n = 33-34; Week 5, n = 32; Week 6, n = 30-31; Week 7, n = 31-32; Week 8, n = 39-41. Where n is a range, the number of participants with data available or complete varied by outcome (e.g., participants who logged any at-breast feeding did not necessarily have complete data to determine breastfeeding exclusivity).
2014), we found that in-hospital formula supplementation was positively associated with early, unintended formula use. Collectively, this research underscores a critical need to address modifiable barriers to exclusive, continued breastfeeding among primiparous women. It is notable that we observed high rates of milk expression throughout the study, with a peak at 2 weeks postpartum. This pattern paralleled a steady decrease in any at-breast feeds and a reduced number of daily at-breast feeds in those expressing milk. This suggests that many women were likely replacing a portion of at-breast feeds with expressed milk beginning shortly after birth (confirmed by participants' open-ended responses regarding reasons for milk expression at the 2-week interview). Our data are consistent with a prospective cohort study in the United States, which found that 75% (n = 18 of 24) of primiparous women had expressed milk by 4 weeks postpartum (Geraghty, Davidson, Tabangin, & Morrow, 2012) .
The recent widespread trend toward expressing milk, as a substitute for or in addition to at-breast feeds, as we observed in our data, was likely ushered in by several factors. This includes improvements in electric breast pump efficiency Figure 5 . Proportion of women endorsing the top five most frequently identified breastfeeding problems, via app diaries and interviews. Proportion denominator encompasses the number of participants sending any app data for the week and/or completing 2-and 8-week interviews where problems were assessed. Hospitalization, n = 61; Week 1, n = 36; Week 2, n = 47; Week 3, n = 33; Week 4, n = 29; Week 5, n = 29; Week 6, n = 27; Week 7, n = 27; Week 8, n = 38. Table 3 . Participant Self-Reported Reasons for Current Milk Expression at the Time of the 2-Week Interview (n = 34).
Reason
Participants endorsing [n (%)]
Relieve engorgement 11 (32) Replace or supplement at-breast feeds with expressed milk, related to:
Infant medical issues (poor weight gain, jaundice, dehydration; pediatrician advice) 6 (18) Breastfeeding difficulties (e.g., infant inefficiency at-breast, poor latch, sore nipples) 7 (21) Perception that bottle feeding more convenient or predictable 3 (9) Desire or need for others to participate in infant feeding (e.g., "break" for mother, mother-infant separation)
(12)
Mother's preference not to breastfeed in public 2 (6) Establish a backup or stock-pile of expressed milk, related to:
Possibility of future breastfeeding difficulties 2 (6) Mother's return to work 2 (6) Other (e.g., "just in case," if unanticipated separation from infant) 2 (6) Increase or maintain milk supply 5 (15) Visualize milk volume/ensure sufficient milk production 2 (6) Accustom infant to receiving bottles (e.g., mother's return to work) 2 (6) Learn/practice how to use electric breast pump if needed in future 1 (3) and design, near universal access to free, personal-use electric breast pumps through the 2010 Affordable Care Act, and conflicting societal expectations placing a high value on human milk with low tolerance for the act of breastfeeding, the latter perceived to limit maternal autonomy and involve greater ambiguity, effort, time, and pain (Crossland et al., 2016) . Specific reasons provided for milk expression by our study participants at 2 weeks were similar to reasons provided by mothers of 1.5-to 4.5-month-old infants as part of the Infant Feeding Practices Survey II (IFPS II), with several exceptions. In the IFPS II, women also expressed milk to donate it and mix it with infant foods (Felice, Cassano, & Rasmussen, 2016) . In our study, women cited expressing milk as a way to visualize how much milk they were producing, accustom their infant to taking bottles, and "practice" using the electric pump. Although women may perceive milk expression as an equitable alternative to at-breast feeds when they cannot or do not prefer to breastfeed, exclusive expressed milk feedings may carry risks, including contamination of milk in the collection or storage process (Peters, McArthur, & Munn, 2016; Smith & Serke, 2016) , degradation of immune properties during milk storage (Peters et al., 2016) , reduced ability of the infant to regulate intake (Li, Fein, & Grummer-Strawn, 2010; Ventura, 2017) , compositional differences in nutrients and fat between expressed milk and milk consumed at the breast (Garcia-Lara et al., 2012) , and decreased protection against various infant morbidities (Boone, Geraghty, & Keim, 2016; Soto-Ramirez et al., 2013) . In cases where milk expression minimizes potential formula use, however, these risks may be balanced. Although we did not find an association between early milk expression and reduced breastfeeding exclusivity or duration, two studies powered to assess this relationship found that women expressing frequently between 6 and 18 weeks were at higher risk for shortened breastfeeding duration compared with women not expressing or expressing less often (Felice et al., 2016; Jiang et al., 2015) .
The most common breastfeeding problems identified by women in our sample (latch problems, pain, perceived insufficient milk) are consistent with problems cited by primiparous women in the IFPS II (O'Sullivan, Perrine, & Rasmussen, 2015) . We also identified more nuanced issues of first-time breastfeeding mothers throughout the first 2 months postpartum, including concerns about establishing consistency in a breastfeeding schedule, problems with devices (e.g., pumps, shields), and infant gastrointestinal issues attributed to breastfeeding (e.g., gas, reflux). Our data on breastfeeding problems provide a framework for the tim- ing and content of general breastfeeding support and anticipatory guidance for primiparous women (see Table 4 ). Confidence in our results is strengthened by presumed concurrent data capture of mothers' feeding activities and experiences. In a prior analysis, we demonstrated the reliability of the app to track breastfeeding by comparing mothers' 24-hour recall to app-reported breastfeeding intensity (Demirci & Bogen, 2016) . Limitations of our study include a lack of generalizability to women of color and those of lower socioeconomic status. There was also a lack of power to examine potentially significant relationships between breastfeeding outcomes and sociodemographic variables, in-hospital and early postpartum events, and feeding behaviors. In addition, this analysis did not capture intensity or facets of problems at a detailed level.
Extrapolation of study results is also limited by the large amount of missing app feeding data. It was not always possible to determine whether missing data represented a logging omission or infrequent feeds. Likewise, it is unclear whether women who did not log breastfeeding problems had no problems or simply did not document them. In future work, methodological triangulation could be used to counterbalance these issues as well as uncover reasons for missing feeding data.
Loss to follow-up was another study limitation. Given our study's focus and the societal importance attached to breastfeeding, it is possible that early dropouts were also women who stopped breastfeeding prior to 8 weeks. Thus, our data are likely an underrepresentation of formula use, breastfeeding problems, and breastfeeding cessation rates among primiparous women intending to exclusively breastfeed.
Conclusion
Real-time, app-based capture of breastfeeding thoughts and behaviors of first-time mothers during the first 2 months postpartum shows a trend toward pervasive breastfeeding problems, formula use, and replacement of at-breast feeds with expressed milk. Our data indicate that a generalized framework for delivery of postpartum breastfeeding support for first-time mothers should address a number of concerns, some of which tend to be ongoing and others that are more transient. Interventions should also address high rates of inhospital formula supplementation among primiparous women reported by us and others. Future studies should examine the progression of the breastfeeding patterns we observed in our data beyond 2 months, as well as the relationship between the intensity and protraction of primiparous breastfeeding problems and breastfeeding outcomes with adequately powered, diverse samples.
